Scientists became professionally interested in Polish lakes in the early 1850s. They focused predominantly upon the measurements of depth, observations of water stages, optical properties, and water temperature. The first systematic observations of surface water temperature were carried out in 1956. At present these measurements are conducted in 29 lakes. Investigations of the vertical distribution of water temperature were initiated in the interwar period and they contributed to a better recognition of the processes and factors conditioning dynamics of water masses. In general, measurements of water temperature have constituted fundamental observations with respect to the studies of yearly and daily courses of the temperature of surface water and the entire water mass, the influence of basin morphometry upon water thermal conditions, heat balance and heat resources, thermal conditions of bottom deposits and thermal classification of the lakes. 
Introduction
Modern limnology treats the lake as a functional natural object which comprises a series of interacting physical, chemical and biological systems. The existence and functioning of water bodies is possible owing to continuous links with alimentation supply (Okulanis 1977) . Not without reason, many investigations carried out in Polish lakes and their catchment areas in the last 20 years have been of a complementary character. The area of the lake catchment has become a very vulnerable element of the entire system, often referred to as a natural territorial system (Lange 1985b) . One of the essential elements of this system is water temperature which is the effect of the inflow and outflow of the energy stream and the processes and mechanisms which occur in the closed system of the lake basin. Apart from the fluctuations in water stages, ice phenomena and water temperature are the main abiotic factors shaping the lake ecosystem.
The temperature of lake waters, ice phenomena and fluctuations in water stages are essential abiotic factors which decide on the functioning and dynamics of the lake ecosystem. The temperature of lake waters is one of the main features which determines water properties in geographic investigations. Lakes should be treated as specific elements of the flow and transformation of energy in inland ecosystems (Starmach et al. 1976; Lange 1985b Lange , 1993 Lampert and Sommer 1996) , in which the following can be distinguished: an active layer, a light zone, a zone of water circulation, a zone of water stagnation, and a zone of matter sedimentation (Lange 1985a) . Water temperature is one of such links, influencing most processes that take place in the lake ecosystem. According to Welch (1948) , it is temperature, unlike any other individual factor, that strongly determines direct and indirect consequences for the lake (after Turczyński 1995) .
Lake water temperature has a decisive influence on the pace of matter transformation and also shapes settlement conditioning. It is necessary to pay close attention to the water temperature of lakes when significant climate changes can be observed (global warming), which cause positive trends in the yearly temperature of the surface water in the lakes, and negative trends of heat resources and mean water temperature during the summer (Skowron 2007b (Skowron , 2011a . The first stationary observations in this range are of particular interest.
History of the examinations of water temperature in the Polish lakes
Scientific interest in Polish lakes dates from the early 1850s. Polish and foreign (mainly German) researchers studied the lakes located within the territory of contemporary Poland. Their investigations mainly involved measurements of depth, observations of water stages, optical properties and water thermal conditions (Lencewicz 1925; Szaflarski 1932; Bajerlein 1950) . The researchers were particularly interested in the Tatra Mountains and Suwałki region lakes (Birkenmajer 1901; Lencewicz 1925; Szaflarski 1950; Lange and Faraś-Ostrowska 1993; Choiński 2007) .
First examinations of lake water temperature
The measurements of the water temperature of Polish lakes began in the latter half of the nineteenth century, though the very first measurement was taken by S. Staszic in 1804 in Lake Czarny Staw below Mount Rysy (Choiński 2014) . The first observations focused mainly on the Tatra lakes, and lakes located in Greater Poland, Pomerania and Masuria (Choiński 2007 ). E. Dziewulski and L. Świerz should be mentioned among many researchers (Lencewicz 1925; Szaflarski 1932) . They studied lake morphometry and water thermal conditions (Birkenmayer 1901; Bojanowicz 1970; Choiński 2007) . The studies conducted by Szaflarski (1932) in the early twentieth century also concentrated on water temperature and winter thermal conditions (Szaflarski 1950; Bojanowicz 1970) . L. Cohn, a German observer, attempted to determine thermal relations in the lakes and the manner of water mixing in Lake Niegocin in 1901 (Kondracki 1952) . Due to short, sometimes individual and non-synchronous observation series, most works do not, however, constitute interesting material.
Examinations of lake water temperature during the interwar period
After Poland had regained independence the Hydrographic Office (Hydrographic Institute from 1934) undertook the investigations of the lakes. The research output of Polish geographerswas widely discussed in the study by Lencewicz (1925) . The author lists the researchers of the Tatra lakes (Dziewulski, Birkenmajer, Sawicki and Lityński), Greater Poland lakes (Schütze, Sperczyński), Pomeranian lakes (Seligo, Halbfass), Dobrzyń region lakes (Dziewulski, Nechay), Kuyavian lakes (Sawicki), Gostyń region lakes (Lencewicz, Staff) , Augustów region lakes (Kulawieć, Lityński, Dembowski, Stenz, Koźmiński and Wiszniewski) , Łęczna-Włodawa lakes (Lityński, Dziewulski, Sawicki), Vilnius region lakes (Staff, Dybowski), and Polesye lakes (Tutkowski, Świdzińska) . The summaries of the results and studies of water temperature were reflected in the works of Szaflarski (1932 Szaflarski ( , 1950 and Świdzińska (1939) . The works of Bajerlein (1926) and Szaflarski (1932) are particularly interesting as the authors analyse the course of water temperature in Lake Wielkie in the Greater Poland Lakeland and more than a dozen Tatra lakes. The research concerning winter thermal stratification of water in the largest Tatra lakes is outstanding (Szaflarski 1950) . Unfortunately, the results of the measurements were lost during the war. Only individual studies survived (Birkenmajer 1901; Lencewicz 1925; Bajerlein 1926; Szaflarski 1932) .
Examinations of lake water temperature in the latter half of the twentieth century
The depth probes and preparation of bathymetric plans for well over two thousand lakes by the Institute of Inland Fisheries in Olsztyn in the 1950s and 60s opened up an entirely new stage in lake research. A network of measurement stations was established by the Institute of Meteorology and Water Management in the 1950s to record water stages, surface water temperature, ice phenomena and evaporation in some cases. Undoubtedly, research programmes to monitor lake purity carried out by several institutions were of significant importance. These included university centres and research stations, among others in Mikołajki, in Charzykowy, in Kobylec near Wągrowiec, in Borucino on Lake Raduńskie Górne, in Siemionki on Lake Gopło, in Gosławice on Lake Pątnowskie and in Radzyń on Lake Sławskie (Bojanowicz 1970; Nawrocka 1986; Pasławski 1993; Choiński 2007b Choiński , 2010 Skowron 2011a) . The Voivodship Inspectorate of Environmental Protection (previously the Environmental Research and Control Centres) has contributed largely to recognising the condition of the natural environment. They have monitored and provided information on the environment for the entire country.
The first systematic observations of surface water temperature began in 1956 in two lakes: Gopło and Studzieniczne. However, 1960 is the true beginning of these observations as over 20 lakes representing the most important lakeland regions were continuosely surveyed.
In the period between 1961 and 1970 there were 10 posts measuring the surface water temperature (SWT) in the following lakes of the Pomeranian Lakeland: Jamno, Gardno, Łebsko, Żarnowieckie, Myśliborskie, Lubie, Raduń, Charzykowskie, Raduńskie Górne and Sępoleńskie. A group of 11 lakes were measured in the Masurian Lakeland: Chełmżyńskie, Jeziorak, Druzno, Łańskie, Nidzkie, Mikołajskie, Jagodne, Selmęt Wielki, Studzieniczne, Białe and Hańcza, while in the Greater Poland-Kuyavian Lakeland only three posts were active in the lakes: Sławskie, Góreckie and Gopło. However, observations of lakes Myśliborskie, Raduń, Chełmżyńskie, Druzno, Łańskie and Jagodne lasted for only a few years (Bojanowicz 1970) .
In the years 1971-1980 the network of measurement posts developed significantly. Among 120 measurement and observation stations located in the lakes, which conducted systematic observations of water levels and ice phenomena, 35 also recorded surface water temperature (SWT). During this period water temperature measurements were initiated in the lakes: Trzcinno, Jasień, Mikorzyńskie, Ślesińskie and Pątnowskie, but 2-3 years later the measurements were stopped.
In the years 1981-1990 the number of investigated lakes increased to 36, although lakes with a relatively long observation series were not subject to further studies (Zbąszyńskie, Miedwie, Góreckie and Białe Włodawskie). A number of SWT measurement posts were closed between 1991-1995. In that period measurements in lakes: Narie, Dargin and Wielimie were discontinued. Hence, only two lakes: Studzieniczne and Gopło have an unbroken 60-year long observation series and the lakes: Sławskie, Charzykowskie, Raduńskie Górne, Gardno, Łebsko, Jeziorak, Nidzkie, Mikołajskie and Hańcza have a 55-year long measurement series. Lakes: Gopło, Nakielno, Lubie, Drawsko, and Jamno have discontinuities, sometimes for more than two or three weeks, or even as much as for a year, which diminishes the worth of this indisputably valuable material (Dynus 1974; Skowron 1997a) .
In 2014 the observations of SWT in five other lakes (Morzycko, Sławianowskie, Ińsko, Niesłysz and Komorze) were commenced. Currently the surface water temperature is measured in 35 lakes. Moreover, the measurements of surface water temperature and evaporation are carried out at four anchored evaporation stands in the lakes: Sławskie, Łebsko, Raduńskie Górne and Rajgrodzkie. In 1981 measurements at the "Potrzymiech" evapourmetric stand in Lake Gopło were discontinued after 19 years of observations.
The measurements of surface water temperature (SWT) in Polish lakes are carried out in the litoral zone once a day at 7:00 (6:00 GMT) at a depth of 0.4 m. The results of these measurements are representative of the entire lake (Gieysztor 1960; Skowron 1997a Skowron , 2011a Górniak 1999) .
The analysis of the daily values of surface water temperature in the multi-year period show its varied regional course (Fig. 1) . The highest values of the mean yearly surface water temperature (the limnological isotherm above 10°C) are recorded in the central and southern part of the Dobrzyń and Kuyavian Lakelands, and the eastern part of the Greater Poland Lakeland (Kowalska 1972; Apenit 1982) . On the other hand, the lowest mean yearly SWT values (the limnological isotherm below 9°C) are recorded in the northern part of the East-Suwałki Lakeland, the Kashubian Lakeland, and the Słowińskie Coastland. The remaining areas are located within the 9-10°C limnological isotherms (Skowron 2011a) .
In the course of mean monthly surface water temperature the highest values were recorded in July 1994 when the mean monthly water temperature exceeded 24 o C (Jeziorak -25.2°C, Powidzkie -24.8°C, Gopło -24.3°C and Sławskie -24.1°C). The highest values of surface water temperature in Polish lakes were most frequently observed at the turn of July and August (Skowron 2009c). Exceptionally high temperatures of 30.2°C were recorded on 7th July 1991 in Lake Nakielno and 29.2°C on 16th August 1994 in Lake Jeziorak (Skowron 2009c (Skowron , 2011a .
Changes in water temperature observed over a longer period of time are particularly interesting. The analysis of long-term changes in the temperature of surface water in different lakes in the northern hemisphere shows a noticeable increase in the latter half of the twentieth century (Skowron 2009d ) (Skowron 1997b; Dąbrowski et al. 2006; Sobolewski et al. 2014 ).
Considerable differences are also observed in the spatial distribution of surface water temperature throughout Poland (Kowalska 1972; Skowron 1997a Skowron , 1999a . The temperature of water within the range of 2-4°C in the spring can be recorded 14 days earlier in the lakes located in the Greater Poland Lakeland than in those located in the Pomeranian Lakeland, and 19 days earlier than in the lakes of the Masurian Lakeland. However, in the summer half-year a reverse situation can be observed, although these differences are noticeably smaller (Skowron 2011b) .
The multi-year measurements make it possible to distinguish thermal seasons in the annual thermal cycle (Kowalska 1972; Grześ 1974; Jędrasik 1985; Janiec and Turczyński 1988; Skowron 1999a Skowron , 2007a . These seasons criteria are most frequently related to: the formation and disappearance of the ice cover, surface water temperature remaining permanently over the values of 4 and 15°C both in the spring and autumn. The dates with minimum and maximum temperatures of water are also taken into consideration. Such a division of the year into thermal seasons makes it easy to understand most processes which determine the thermal regime of the lakes (Skowron 2001 (Skowron , 2011a Skowron and Piasecki 2014) .
Investigations into the vertical distribution of water temperature also have their own history. They began a new stage of limnological research, and contributed to a better recognition of the processes and factors shaping water mass dynamics. The developments in technologies and measurement devices have been of great importance as well.
The first observations of the vertical structure of water temperature in Polish lakes were conducted as early as the interwar period. The examinations of temperature and absorption of solar radiation conducted in the Wigry region lakes in the years 1920-1939 show interesting findings on the issues of thermal stratification (Koźmiński and Wiszniewski 1935; Świdzińska 1939) .
These initial measurements were carried out by means of reversing thermometers and mercury thermometers placed in the water samplers (Kondracki 1952) . A new period in the investigations of water thermal conditions began in the 1960s owing to the increasing demand for lake management and exploitation as well as the construction of electronic thermometers with a cable, which made it possible to measure water temperature at any depth (Mikulski and Okulanis 1974) . The first measurements of temperature in the vertical refer to observations carried out in the Masurian lakes (Kondracki 1952) . Measurements in the lakes: Niegocin, Mikołajskie, Śniardwy and Tałtowisko (Kondracki 1952; Chojnowski 1967 ) were important to explain essential processes undergoing in the lakes The term thermal stratification was used for the first time in Polish literature. Similar investigations were carried out in Dargin and Mikołajskie lakes in the summer period by Paschalski (1959 Paschalski ( , 1960 .
At the same time (the summer of 1951) examinations of water temperature in six lakes of the Łęczna-Włodawa Lakeland began with the use of reversing thermometers (Wilgat 1953) . In the years 1966-1969 measurements in 53 lakes of this region were performed twice, whereas in the years 1970-1976 there were systematic observations in the following lakes: Piaseczno, Bikcze and Brzeziczno (Radwan et al. 1973; Radwan and Kowalczyk 1979) . Observations of the course and dynamics of water temperature in the annual cycle were a continuation of these investigations (Janiec and Turczyński 1988; Turczyński 1995 Turczyński , 1998 .
Systematic measurements of vertical distribution of water temperature in the Raduńskie lakes began with the help of the Limnological Station in Borucino in the 1960s (Pasławski 1993) . Mikulski and Okulanis (1974) presented the results of the 10-year long examinations on Lake Raduńskie Górne. The modernisation of measurement equipment allowed for more detailed and precise examination. Above all, the number of measurements increased. These investigations were conducted by various institutions, such as university geographical, hydrobiological centres and fisheries centres (Pasławski 1993) .
These pioneering observations revealed that the autumn homothermy occurred in October, whereas the spring homothermy took place after the disappearance of the ice cover. The assumption about the dependency between the size of the lake and the position of its thermocline is of great value (Patalas 1960a, b) . In the summer the differences in the temperature of the surface water layer (of 1-m thickness) between various parts of the lake may even reach several degrees, and the mean day values amounted to 0.5°C. The diversity in the temperature values between the littoral zone and the lake's open parts has been considered by Gieysztor (1960) and Starmach et al. (1976) . The expeditionary investigations carried out in lakes of different shapes and varied elements of the lake basin (Gopło, Bachotek, Jeziorak, Hańcza, Drawskie, Morzycko, Wigry, Wiecanowskie) showed the greatest differences between the littoral and profundal zones occurred during the spring warming of lake water (Skowron 1997a) . In some weather conditions the maximum differences in the temperature of surface water even exceeded 8°C, yet they most frequently oscillated between 1.5-2.5°C, as proven by a thermal photograph of Lake Żarnowieckie taken with an infrared camera in 1978 (Onoszko 1979) .
The significant majority of observations of water thermal conditions are connected to expeditionary measurements conducted in individual or in groups of several lakes, most frequently during summer periods. The results of such measurements have been presented for the following water bodies: Lake Jeziorak (Bojanowicz 1971; Churski 1988) , Lake Gopło (Grześ 1974 (Grześ , 1976 Skowron 1980 Skowron , 1982 Skowron , 1990 , Lake Komorze (Czerwińska 1975) , Lake Zamkowisko Duże (Okrągła 1977) , Lake Hańcza (Skowron 1999b) , Lake Bachotek (Skowron 2000) , Lake Kortowskie (Mientki and Wiśniewski 2001) , Lake Zamkowe (Choiński and Kanikowski 2004) , Lake Pluszne (Grochowska and Tandyrak 2006) , Lake Pątnowskie (Pasławski 1993) , lakes of the Konin region (Chojnowski 1972) , lakes of the Sława Lakeland (Koczorowska 1974; Rösler 1986 Rösler , 2001 ), lakes of the Kashubian Lakeland (Jędrasik and Lange 1972; Mikulski and Okulanis 1974; Jędrasik 1975; Lange 1975 Lange , 1978 Lange , 1985a Lange , 1986 Okulanis 1981; Lange and Maślanka 1997; Trojanowski and Bruski 2002; Borowiak 2003; Trojanowski and Parzych 2004; Maślanka et al. 2005; Nowiński et al. 2005 , Maślanka and Nowiński 2006 , Maślanka and Barańczuk 2007 , Borowiak et al. 2008 , lakes of the West-Pomeranian Lakeland (Nguyen Van 1972; Kubiak 2003; Kubiak and Tórz 2005, 2006; Kubiak et al. 2007 ), lakes of the Masurian Lakeland (Olszewski et al. 1978) , lakes of the Łęczna-Włodawa Lakeland (Janiec and Turczyński 1988; Turczyński 1995) , lakes of the Gniezno and Kuyavian Lakelands (Skowron 1980 (Skowron , 1982 (Skowron , 1990 , lakes of the Dobrzyń Lakeland (Marszelewski 2001), lakes of the Ełk Lakeland (Jańczak and Maślanka 2006) , lakes in the basin of the River Łyna (Maślanka et al 1996) , the deepest lakes in Poland (Skowron 2009b) , and the lakes located in the Tuchola Forest National Park (Choiński et al. 2012; Błoniarz et al. 2016 ). In total, about 105 lakes were considered in such investigations.
It was established that in summer the mean temperature of near-the-bottom waters and the mean gradient of the temperature in the metalimnion were strongly correlated with the lakes' depth indicators (with the maximum, mean and relative depths). A similar trend and high dependency was observed with respect to the density index (Kubiak 2003) and the heat content index in the lake (Skowron 2011a) .
The measurements of water temperature in the mountain lakes were also of an expeditionary nature. They started 130 years ago, encompassing only the Tatra lakes. Stationary measurements concerning the temperature of surface water began in Lake Morskie Oko in 1967 (Choiński 2014) . On the other hand, measurements conducted in the thermal vertical profiles were unsystematic and had only a short series (Lange et al. 1976 (Lange et al. , 2000 Łajczak 1982; Borowiak 2002; Choiński et al. 2013 Choiński et al. , 2015 . Observations on water temperature also included the Great and Small Lake in the Karkonosze Mountains. Parallel bathymetric measurements were conducted, and the results have been presented in the work of Komar (1978) . Measurements of the vertical course of water temperature make up a separate chapter from the utilization of the anchored thermal probe (Choiński and Łyczkowska 2008; Łyczkowska 2009 ).
Measurements of temperature conducted during ice cover are also interesting (Skowron 2006 (Skowron , 2008a . After the formation of ice cover katothermal stratification develops in most cases. The lowest temperature can be recorded directly under the ice cover, then from a depth of 3-4 m it gradually increases to 3.6-4.0°C at the bottom of the deepest lakes. Atypical stratification (anomaly) occurs temporarily at the end of the icing period during certain weather conditions and does not have spatial continuity in the lake (Jędrasik 1975) .
The course of thermal cycles is one of the criteria thatshow thermal differences (Jędrasik 1985; Skowron 2007a Skowron , b, c, 2011b Skowron , 2012 . Thermal cycles determine various mictic types of lakes. The spring cycle begins earliest in the tachymictic lakes of the Greater Poland Lakeland, and latest in the bradymictic lakes in the Suwałki region. Thermal diversity of the lakes determined by mictic conditions of water masses attracted the attention of Olszewski (1959) , Patalas (1960b) , Paschalski (1959 Paschalski ( , 1960 , and Okulanis (1976 Okulanis ( , 1981 . The investigations based upon the thermal balance method carried out in 20 lakes of the Kashubian Lakeland show that the general heat content in the lakes reveals significant relations with climatic conditions and morphometric and hydrological properties (Lange 1978) . The equation of the thermal balance comprised its four components: radiative balance of the water surface, heat loss to evaporation, changes in heat content in the lake and balance difference. The accumulation of heat remained in Lake Raduńskie Górne from February to August, whereas its emission occurred in January and from September to December. As for the remaining lakes the biggest differences were recorded when the lake moved from the emission phase to the accumulation phase. The thermal regime in the lakes of the Upper Radunia River is also determined by the elements of water balance and their water mixing (Okulanis 1977) .
The course of water temperature in very shallow water bodies is also interesting. They reveal a distinctly polymictic character and virtual distribution of temperature both in a daily and yearly distribution, similar to the course of air temperature (Drwal and Lange 1985) .
Shallow water bodies present high day and yearly amplitudes and minimum diversity of water temperature in their entire mass . Noticeable thermal stratification develops in summer when the weather is sunny. The temperature in the surface layer exceeds 28-30°C, although such conditions are of very short duration. Szumiec (1984) concludes that in the case of shallow bodies of a pondlike nature the surface temperature (0.5 m) often exceeds 28-30°C, and the number of days with a temperature above 14°C amounts to 138.
The Voivodship Inspectorates of Environmental Protection in Szczecin, Zielona Góra, Poznań, Gdańsk, Bydgoszcz, Olsztyn and Białystok also provide abundant observation materials concerning the vertical measurements of water temperature. The measurements of thermal and oxygen conditions refer mostly to lakes which have never been studied by any institutions. The results were partially presented in a study concerning the thermal regimes of Polish lakes (Skowron 2011a; Sobolewski et al. 2014) . They complement gaps in the expeditionary research and make up a material comprising over 1 000 lakes.
The investigations of the daily course of water temperature in the lakes were performed both in the surface layer and along the vertical profile. The lakes subjected to such measurements are located in various regions of Poland (Skowron 1999a (Skowron , 1999c (Skowron , 2000 (Skowron , 2011a Sobolewski et al. 2014) . The measurements of the daily course also referred to the Tatra lakes (Lange et al. 1976; Łajczak 1982; Borowiak 2002) . The results of the observations, particularly in the lakes of the Polish Lowland indicated that the mean daily temperature of the surface water was recorded twice a day. It occurred between 8:00-11:00 (7:00-10:00 GMT) for the first time, and between 20:00-21:00 (19:00-21:00 GMT) for the second time. The highest values were recorded between 15:00 (14:00 GMT) and 18:00 (17:00 GMT), whereas the lowest temperature values can usually be recorded between 5:00-7:00 (4:00-6:00 GMT). Changes in the daily course of water temperature are clearly noticeable down to a depth of 2.5-3.5 m, although they are perceivable down to 5.5-7.0 m (Skowron 2011a).
Bottom deposits constitute an integral part of the lake ecosystem. They expose the genesis of the lake basin. Researchers have been interested in the measurements of the bottom deposits since the start of limnological studies. Bajerlein (1950) notes that the measurements of temperature were carried out with the use of Six's thermometer which comprised several rods with a mercury thermometer at one end of it. The thermal processes occurring at the limits of the water mass and the lake bottom are important, and therefore, should be considered when analysing the heat balance of the lakes (Bajerlein 1926) .
The examinations conducted in Lake Gopło and several smaller neighbouring lakes by Grześ (1973 Grześ ( , 1978 prove that the measurements of deposits at the depth of 0.2-0.3 m are of great scientific value and should be carried out alongside temperature measurements of near-the bottom waters. Temperature measurements of bottom deposits at greater depths should be conducted every 0.5 m. Beyond any doubt, during the winter months shallow lakes are found to have a higher temperature of surface deposits (0.2 m) than water mass temperature, which confirms the existence of a period of heat emission by deposits. During the summer the situation is the reverse. Measurements in the lakes: Gościąż and Mielec provide a good illustration (Grześ and Sobota 1996) . Measurements taken in the deposits (6 m) at greater depths show that the heating of deeper layers occurs later than in the surface layers. During the year the biggest changes in the temperature of the deposits take place in the layer at the depth of 3 m, which is referred to as the thermally active layer. The depth at which the temperature amplitude of the bottom deposits during the year does not change is called the suppressing depth (Grześ 1978) . On the basis of the temperature measurements of the bottom deposits it is possible to determine to a good approximation the mean temperature of the water mass in the lake, and establish precisely the mictic type of the lake. Therefore, the temperature of the bottom deposits may be an objective indicator of the thermal classification of the lakes.
The thermal classification of lakes in Polish literature was presented by Gołębiewski and Lange (1975) , Bernatowicz (1981) , Jędrasik 1985 , Skowron (2009a , 2011a , and Sobolewski et al. (2014) . Most of the above authors believe that due to the location of Polish lakes and the smaller morphometric parameters of their lake basins, the classifications by Chomskis (1969) and Kitaev (1978) seem the most representative typologies. Unfortunately, the thermal classifications of the lakes presented by Wiszniewski (1954) and Bernatowicz (1981) do not meet the fundamental criteria for objectivity and representativeness, and that is why they were omitted in this study.
In general, depending on the leading factor, three basic groups can be differentiated. The first group consists of the classifications based on physical and geographical zonation; the second type of lake classifications refers to the character of water mass mixing and mictic conditions of the water bodies, whereas, the third group accounts for the properties of the water thermal structure of varied detailing (Sobolewski et al. 2014) .
The results of the research conducted in the years 1971-2015 and the extent of knowledge of the particular thermal layers and heat resources during the summer stratification in over 1050 lakes located in the Polish Lowland ultimately helped to modify Kitaev's hydrobiological typology (Kitaev 1978) , and adopt the relatively simple rules of the thermal classification of the lakes (Skowron 2011a ). The classification is presented in Table 1 .
Among the analysed 167 lakes the most common types are epithermal lakes (53) and metaepithermal lakes (47), whereas hypothermal lakes are the lowest in number (4) (Skowron 2011a) . This results from the low depth of these water bodies. Typical lakes with epithermal properties are: Kołczewo, Domysławskie, Długie and Mętno, whereas Serwy, Łąkorz, Szelment Mały and Stryjewo are metathermal lakes. Hańcza, Babięty Wielkie, Wukśniki, Ciecz (Trześniowskie) and Śremskie are classified as hypothermal lakes (Sobolewski et al. 2014) .
Measurements of water temperature were also carried out by Polish scientists outside Poland. The research conducted in the lakes of the polar zone in the Svalbard Archipelago (the Land of Oscar II) at the end of the twentieth century is the most well known. The research focused on genetically young lakes located in the marginal zone of the retreating Aavatsmark glacier which has a limited connection with the sea (they remained under the influence of the floating rhythm). These lakes showed specific thermal stratification (Pietrucień and Skowron 1983; Sobota and Nowak 2011) . The course of water temperature explicitly indicated that these were typical meromictic lakes of an ectogenic nature (Skowron 1995) .
Contemporary examinations of lake water temperature
A new impulse in the daily examinations of water temperature, both in the day and yearly courses has resulted from measurements taken with automatic gradient probes (Kanikowski 1997; Choiński and Kanikowski 2004; Glazik et al. 2006 ). They have made it possible to track changes in the temperature of water at various depths in short periods of time. Despite certain reservations concerning the technical side (Nowak and Grześkowiak 2010) , the measurements have revealed a more complex picture of the course of water temperature. The daily measurements of water temperature carried out with high frequency at various depths show that in the summer the daily amplitudes in the surface layer reach up to 2-3°C, rarely exceeding 4°C. During intense insolation and windless conditions they may even amount to 5.5°C, whereas, when it is cloudy and there is considerable undulation the amplitudes are most frequently in the range of 0.8-2.0°C.
Automatic gradient probes were installed in five lakes: Wielki Staw in the Karkonosze Mountains, Morskie Oko and Czarny Staw below Mount Rysy in the Tatra Mountains, as well as Ostrowickie, Bachotek and Starokiejkuckie lakes in the Polish Lowlands. They registered water temperature in the vertical with very high frequency (Łyczkowska 2009; Glazik et al. 2006) . These examinations were performed by the Departments of Hydrology and Water Management of the Institutes of Geography of the Adam Mickiewicz University in Poznań and the Nicolaus Copernicus University in Toruń. Unfortunately, these measurements were discontinued due to logistic or technical reasons. Never- theless, the results of these observations will help to explain many hardly recognised processes shaping the thermal structure of water in the daily and yearly cycle, and particularly during the formation and disappearance of the ice cover.
Methodology and measuring devices
Methods of measurement develop within the range of conducted investigations and change with the advancement of measurement technologies (Figs 2-8) . The classical division of the measurements of water temperature according to the purpose and methods allows stationary and expeditionary measurements to be distinguished. Therefore, the temperature measuring devices in Poland differ substantially. A mercury thermometer (sampler) is used in stationary measurements conducted by the Institute of Meteorology and Water Management. However, various modern thernistor thermometers, multi-parameter probes and gradient thermal electronic probes are used in expeditionary measurements which involve the vertical distribution of water temperature (Choiński and Kanikowski 2004; Glazik et al. 2006 ).
Stationary measurements made by the Institute of Meteorology and Water Management are carried out with the use of mercury sampling thermometers, most frequently once a day in the littoral zone at 7:00 (6:00 GMT). However, such measurements are hardly representative of the entire lake (Lange and Faraś-Ostrowska 1993) . On the other hand, measurements of water temperature in expeditionary measurements carried out by various institutions (university centres, Voivodeship Inspectorates of Environmental Protection, National Parks, etc.) involve various types of thermistors, more often replaced by multi-parameter probes and registers. In general, the measurements are related to the analysis of water thermal stratification, most frequently performed in the deepest parts of the lake. In order to perceive the vertical diversity of water temperature, such measurements should be conducted at intervals not greater than 1.0 m (Lange and Faraś-Ostrowska 1993) . The examinations showed that in order to properly assess diversity in the vertical thermal structure (VTS -Vertical Thermal Structure) of lakes and accurately determine thermal parameters, including the extent of basic thermal layers, the measurements of water temperature in the vertical should be carried out every 0.5 m down to the depth of 15 m (the maximum extent of epi-and metalimnion), and then every metre down to the depth of 30 m, and every 2 m deeper (Skowron 2011a) .
Rapid advancesin measurement technologies, and particularly the use of electric thermometers allowing for the measurement of water temperature at any depth, have played a significant role in the development of limnology. The invention of the measurement device with the possibility to register many elements, including water temperature has generated a new impulse for interest in the thermal regime of lakes (Choiński and Kanikowski 2004; Glazik et al. 2006; Łyczkowska 2009 ).
The most popular groups of devices used by Polish researchers in the past and the present to measure water Fig. 5 . Thermistor temperature sensor by ELMETRON Fig. 6 . Multi-parameter water quality probe (600XLM-V2) by ENVAG temperature include: reversing mercury thermometers, mercury thermometers placed in samplers, mercury thermometers fitted in cases, electric thermometers with cables (producers: Lis, Assel, Elmetron), gradient thermal probes (RTW8-041), and multi-parameter probes (WTW-OXI-197, 600XLM-V2).
Conclusions
Lakes have always been attractive research objects, subject to a wide range of observations. Since 1950 nearly 130 articles, where lake water temperature is the leading theme or discussed indirectly, have been published in various Polish and international journals. (Skowron 2011a) .
The following research stations established after 1945 have played a major role in limnological research: the Scientific Station of the Institute of Geography of the Polish Academy of Sciences in Mikołajki, the Research Station of the Forestry in Charzykowy, the Limnological Station of Adam Mickiwicz University in Kobylec near Wągrowciec, the Limnological Station of the Higher Educational School in Gdańsk (and since 1970 the University of Gdańsk) in Borucino, the Limnological Station of the National Hydrological and Meteorological Institute in Tęgobórz, the Nicolaus Copernicus University Research Station in Siemionki on Gopło, the Research Station of Heated Waters of the National Hydrological and Meteorological Institute in Gosławice on Lake Pątnowskie, the Nicolaus Copernicus University Limnological Station in Iławie on lake Jeziorak, the Evaporation Research Station of the National Hydrological and Meteorological Institute in in Radzyń on Lake Sławskie and the Nicolaus Copernicus University Limnological Station on Lake Bachotek (Pasławski 1993; Choiński 2007) .
The formation of the Polish Limnological Society and organisation of 17 National and International Limnological Conferences in the last 16 years have integrated the circle of limnologists. There are two specialist journals (Limnological Review and Studia Limnologica et Telmatologica) where over 46% of all articles concern lakes after 1945. Despite such a large body of measurements and the over 135-year long history of observations, there are still many issues which require further comprehensive synthesis (Choiński 2007 
